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Star shaped acrylic block copolymer, process for its production and uses 
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The present invention relates to stai shaped thermoplastic elastomers made of 
acrylic block copolymers and prepared by transition metal catalyzed radical 
polymerization- These copolymers are made of core arms with low glass transition 
temperatures and of shell arms with high glass transition temperatures and they have 



a high grade of poJydisperslty . The inv 
these copolymers and to their use as 
(PSA) or hot melt adhesives. 




also relates to a process far obtaining 
such as pressure sensitive adhesives 



Back in the early 60*s. the sector of t dhesives witnessed the emergence of 
polyacryiates as a valuable alternative tc the rubber systems used thus far. In feet 
poiyaerylates display many useful prope [ties such as very good aging performance, 
good weather performance, and good adhesion to polar substrates. Moreover, the good 
reactivity and h* fijh versatility of acrylic i lonomers allowed them to be polymerized 
under tafld conditions yielding in some cases adhesive properties without any 
additional compounding. 



.Although polymer solutions were used first the interest in polymer emulsions 
rapidly grew with the need to avoid solvent emission problems. Whilst waterbome 
adhesives now hold an important share of the market, problems such as moisture 
sensitivity, high processing energy and qjiost Importantly, insufficient adhesive 
performance giving rise to loss of dimensional stability and poor resistance to shock 
and gasoline, represent major shortcomings for many applications. 

However, adhesive manufacturers who want to retain the high-performance 
properties of solvents in alternative formulations that do not emit VOCs can turn to 
the solvent-free hot/warm-melt technology. Hot-melts are mostly based on formulated 
mbloclctherxaoplastlc elastomers CM. jrypicaBy. these n?E, in which all three 
segments are hydrocarbon in nature (e.g3 styrene-butadiene or isoprene-styrene). are 
systems obtained by living anionic polymerization. 



The highly stringent conditions 
range of monomers and functionality 
usually suffer from the poor oxidation 




for such syntheses affect and limit the 
can be utilized. Moreover, those systems 
of the unsaturated midblock and to 



their limited upper service temperature, in addition, the presence of unsaturated 



midblocks leads to a poor ageing and UV 



strength along with lowering the vise 



stability. In this regard, hydrogenation of 



these copolymers is beneficial but brings about extra costs. Increasing the cohesive 



is also of msgor concern! and radial 
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structures have been prepared for this purpose. Anyway, as far as their intrinsic 
properties are concerned, these TPS she w outstanding features such as high 
maximum elongation at break and high ultimate tensile strength. 



Despite their numerous advantages, 



melt systems proved to be inadequate as they 
as conventional hot-melts on cooling, and 



Attempts to use pofyacryiates in hot 
do not build up as much cohesive 
as their viscosity is high. 

An elegant way to circumvent these issues was introduced with the concept of UV- 
curable polyacrylate hot-melt polymers, where chemical crosslinks farmed upon 
irradiation ensure enough cohesive atrer gth. But this technology is limited by a lack 
of consistency due to curing and by ace tain coat weight. The process is rather slow 
and the used materials are expensive. Also* the formulation possibilities with tackifiers 
are quite limited. 



these systems still severely suffer from poor 



adhesion on apolar substrate and limited scope for modifications. 



combination i 



However, one might expect that a 
ageing properties could be achieved with 
to their physical crosslinks, these polymers 
of the systems and lower viscosity at 



pro jessing 



The synthesis of block copolymers is 
free radical polymerization. However, 
Radical Polymerization (CRt 3 ) has allowec 
copolymers bearing functional groups 
conditions than ionic methods. 



such 



shew 



Acrylic TPB prepared by toiferter 
properties. Their PSA properties are 
tackifiers* So far, most of the full 
process suffer from poor mechanical and 
have been obtained with 
the problems associated with this 
monomers and solvents and to use 



[technique 



stringent 



of high cohesive strength with good 
"foil acrylic" polymers. Furthermore* thanks 
Should allow a thermally reversible curing 
temperature. 



often difficult or impossible in conventional 
scent times, the advent of the Controlled 
the synthesis of well-defined acrylic block 
as hydraxylp epoxy, in less stringent 



poor and 
acrylic ^blocks prepared by \ 



poor mechanical and rheological 
they are difficult to formulate with 
a controlled radical 
PSA properties. The most promising results 
by living anionic polymerization, with 
of the necessity to highly purify the 
conditions. 



At this stags, no tun acrylic trfbtockfi reaches the remarkable TPE and PSA 
properties set by the classical trfMocks en ^sterns based on hydrocarbons. 
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, deal with hot-melt adheslves made 
mixed with tacktflers and obtained 
radical polymerization. The 
a polydispersity index lower than 2.0, 
B block. The compositions have a broad 
cohere strength, without the need for a curing 



co jolymera : 
cpitrolled: 
hsyingi 
one 



Some publications, such as WO 
from full-acrylic linear or radial block 
by living anionic polymerization or by 
copolymers are well-defined materials 
and they have at least 2 A blocks and 
formulation latitude and adequate 
step. 



WO 98/40415 essentially discloses a controlled free radical polymerization 
process of atom or group transfer radical polymerization In which the polymerization 
is made in presence of an initiator, a tra isition metal in its zero oxidation state which 
forms a first transition metal compound that participates in a reversible redox cycle 
with the initiator and a ligand which coordinate in a sigma- or pi-bond to the 
transition metal* This process leads to different forms of block copolymers. 



WO 2000/43344 discloses 



branchec 



transfer polymerization in the presence of an at least trifunctional alpha- 



halocarbowylic add ester Initiator and an 



30 elongation at break is more than 2600%. 



polymers or copolymers prepared by atom 



oxidizable transition metal complex catalyst. 



When a copolymer containing 2 different monomers is made, it is done in 2 separate 
steps, with purification of the polymer ot tained in the first step. 

It has now surprisingly he found that certain acrylic star shaped block copolymers 
show a much more excellent heat resista ace than simple chain polymers. They show 



an unexpected high cohesive strength ale ing with a low viscosity. They may, or may 
not, be formulated with tackifiers to prov Ide high performance FSA in solvents or hot- 
melt PSA. without solvents. Their cohesio a is as good as this of SIS on stainless steel 
(good resistance to high temperature, Le. SAFE), and they present a much better 
cohesion, adhesion and tack on non-pols r surfaces such as polyethylene, their 



Moreover, their mechanical properties, such 



as a high strength at break and an high elongation at break, can easily be tuned by 
varying monomer nature and ratios. 



Thus, the present invention concerns 
of an acrylic copolymer, obtained by 
and constituted by core arms made by 
is comprised between -65°C and -20°C, 
mixtures of monomers, vttxoseTgis 



metal transition < 



a star shaped thermoplastic elastomer made 
catalysed radical polymerization 
m wiomers, or mixture of monomers, whose Tg 
t nd by shell arms made by monomers, or 
70°C and 160°C, the core 



com xrtsed between 1 
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copolymer having a potydispersity of 2 or higher and the final copolymer having a 
potydispersity of from 3 to 10. 

Preferably, the core low Tg is from -^0 to -30°C and the shell high Tg is from 100 
5 and 150 °C. 



By "star shaped", it is intended that the 
which has at least a functionality of three, 
beginning of the polymerisation, the 
10 mechanism of coupling of radicals, the 
polymerisation goes on. Alternatively, 
combination of a myofunctional Initiator with 
(methjacrylates, being at least tri- or tetr i- 



copolymer has 



arms 

'star 



15 These multtfhncttonal (methjaciylatfijs 

triacrylate, himethylolpropane 
ethoxylated and 

trtaciylate, pentaerythjriltol tetra-acrylate. 
alkoxylated tetra-aciylates. 



! trimethar rylate, 
prop oxylated trimethyle lpropane 



20 acrylate. 



The star shaped acrylic copolymer ttfus has at least three shell arms, and 
preferably 4 or more. 



average 



The core aims have a theoretical 
to 260.000, and preferably of from 120 j 
theoretical average number molecular 
of from 30.000 to 60.000. The ratio of thi 
shell arms to the average number 
50% and preferably of from 16 to 30 %. 



i made 



The core arms having low Tg are 
ethyl acrylate, n-propyl acrylate, isoprop^l 
butyl, of sec -butyl and of isobutyl, amyl 
acrylate, ociyl acrylates. nonyl acrylates, 
acrylates and their mixtures. 
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copolymer Is obtained from an initiator 
and preferably four Or more. Thus, in the 
a true shape of a star. But by a 
may become branched when the 
shaped" structures are obtained from the 
a mixture of multifonctional 



are. for example, trimethylolpropane 
pentaeiythiytol triacrylate, 

triacrylate, glyceryl propoxylated 
ditrimethylolpropane tetra-acryiate, 

or dipentaerythritol hexa- 



dipentaerythtltol penta-acrylate < 



number molecular weight of from 60.000 
OfaO to 200.000. The shell arms have a 
weight of from 20.000 to 80.000. and preferably 
average number molecular weight of the 
of the core arms Is of from 10 to 



molecular weight 



from monomers such as methyl acrylate, 
acrylate, the acrylates of n-butyL of tert- 
aciylates, hexyl acrylates, 2-ethylhexyl 
ftecyl acrylates, stearyl acrylate, lauryl 
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is* 



The shell arms having higjxTg are. m^de from monomers such as methyl 

methacrylate, ethyl methacrylate, tert-bjutyl acrylate, cyclohexyi methacrylate, 
Isobornyl methacrylate and their mixttires. 



of monomers 



ethjacrylates. 



such as gtyddyi methacrylate, tert- 
styrene derivatives can be readily 



In both cases, any other types 
butyl methacrylate, hydroxy (me1 
incorporated in the core and/or the shel 



Preferably, the copolymer only contain acrylic derivatives (full acrylic). 

If tert--butyi acryiate is used, either ta the core arms, either in the shell aims, or 
in both, when the copolymer has been polymerized, it can be heated at about 200°C 
under vacuum in order to liberate the tert-butyl groups, leaving carboxylic acrylic 
add groups along the chains of the copo ymer 

Ihe arms and the core blocks are not wen defined, in the sense that there Is not a 
dear separation between the low Tg bloc c£ and the high Tg blocks. This is due to the 
synthesis process, where the high Tg monomers. are added to the already formed low 
Tg core block when the monomers of thiej cjore block have polymerized at a rate of 91- 
95%, preferably higher than 95%. of all tfre core monomers. Therefore, it is supposed 
that there is a gradiant zone between the; lowTTg core block and the high Tg shell 
blocks. 
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Hie process used for synthesising thfe copolymers of the invention is the transition 
metal catalysed radical polymerisation. anA more particularly, the atom transfer 
radical polymerization tor ATOP), as described, for example, in Chemical Reviews, 
2001, 101, 2921-2990. I^tyjasaswski Stjffla. . 

! ; 

Many txifunctianal or polyfunction^ |ritiators may be used in ATRP, such as the 
complete condensation product of pentae^thritol and 2-bromoisobutyryl bromide, of 
pentaerythritol and 2-bromopropancyl brjo^nide. These initiators are tetrafUnctionaL 
Halogenated alkanes, benayhc halides, a-jhaloesters, a-haloketones, a-halonitxfles, 
sulfonyl halides are potential initiators tojo.j 

The catalyst system is based on metilllc salts, such as CuP)Br, CuGQCl, Ffc(n)Br. 
FePBCl, RuWL Niln] along with mono-, b& iv multidentate nitrogen-based Uganda 
potyamiae Uganda such as 2,2-bipyridini derivatives or as N.N.HT.Nr.ir 
penlBmettxykhethylenet^ Phosphorous-based Uganda such as tripherryl 
phosphtne, tricyclohexyl phosphirxe for eaja np}e can also be used. 
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The unpurified low Tg monomers, ec ft ent and reactants are placed together in a 
reactor and degased witti continuoiis bu rt ling of nitrogen for about 45 minutes. Hie 
synthesis starts from the polymerization oi the low Tg monomers. In a solvent such as 
5 toluene, at a typical concentration of 60H solids. The reaction temperature is of about 
90°C to 1 10°C> and the reaction is contii ded for 8 to 16 hours, until the monomers 
conversion is of from 91 to 95%, preferat Ij • higher than 95%. The high Tg monomers 
previously degazed under the same Icond to cms are then added in one shot to the 
reaction mixture containing the core potj n ler, -without purification thereof. The 
polymerization is stopped after 12 to 16 : lours, until the final monomer conversion is 
higher than 95%. 

; 1 

1 1 

Anon-solvent for the copolymer, sue h as an alcohol is then added to the reaction 
mixture. The copolymer precipitates^ is flat sred and dried* 

i ! . 

Alternatively, super-critical fluid exb a rtion can be employed to remove residual 
monomers), solvents) and transltloh-metal catalyst Dense phase CO2 appears to be a 



technically possible medium for the purification of the ATRP polymers of the type 
claimed herein. Extraction of reactive ami ponerrt residues [aciylated/methacrylated 
monomers)* residual solvent (toluene), extraction of transition-metal catalyst (with co- 



solvent present) is compatible with COa < 



If Cup is used as catalyst, the addii 
weight relative to the Cu(I) salt) regenera 
oxygen remaining in the reaction 
brings about higher conversions of the 
addition has a more proriouced effect di 
polymerization, it has also an effect if it 

of the core polymerization 

! * 

The ratio between thi initiator arid 
■ • 

various block lengths, ami therefore also 
high Tg shell blocks. This ratio between 
and 1800, in moles and preferably betwe 
the initiator and the copper catalyst is 
reduced amount of copper salt such as 1 
to copper is 1. 




techniques. 



of metallic copper Cu(0) (about 10% in 
the inactive Cu(D) salts funned by the 
±0 active Cu(Q salts. This addition of Cu(0) 
omers and shorter reaction times. If this 

the second stage of the shell 
added also at the beginning of the first stage 



low and high Tg monomers will fix the 
ratio between the lowTg core blocks and 
onomers and initiator varies between 300 
,600 and 1200. The ratio in moles between 
at 1:4 for a tetrafunctional initiator, but a 
or 1:2 can also be used. The ratio of ligand 
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The copolymer according to the i^x&jonmay be used as such, but it can also be 
mixed with additives such as tadkifiers. utjjirallo of 5 to 150 phr of the tackffler T 
preferably 25 to 150 phr. calculated on t tie! weight of the copolymer- The tackifter 
should be selectively compatible with » the core soft Tg blocks, but not compatible with 
both the core soft Tg block and the tibtSL halrdTg blocks. 

' 1 

I * 

Tackifiers, which can be used, iarc, 1 brj example, hydrogenated rosin esters such 
as Foral 85 E (based on glycerol, miktura 'ot di- 2nd triesters) andForal 105 E (based 
on pentaerythritol, trt- and teraestak b< th' products being trademarks of Eastman 
Chemicals), or the phtalate ester of hydn Jbietyl alcohol, such as Cellolyn 21B fTM of 
Eastman), or terpene phenoJics, oar poJyto xifene, hydrpgenated or non-hydrogenated 
Hydrocarbon resins, such as Escorts 13] oj 12420 and 5380 CIM of Exxon) or Regalrez 
1018 or Regalite 1010 flM of Eastman) c r jEjiccotac 95, 212 and 6095-E flM of 
Eastman) or Ncnrsolene SI 15 (IM of jSart&i?er). 

j : hi : 

Hasttdzer can also be used as additives at a ratio of B to 25 phr, in combination 
or not with tackifierfe). Plasticizers 4*iich <|4n be used, are, for example, hydrocarbon 
oils (aromatic, paraffinic or naphtenic) suih as Edelex ©45, Edelex 956 or Ofl 8777 
CIM of Shell), hydrocarbon resins, plitalaiei, and combinations thereof- 

The copolymers of the invention can ibfj used in a variety of applications in the 
automotive, construction, medical, personal care, food and beverage, electrical (wire 
and cable), appliance, sports and leisure fields. They are also usable as (pressure 
sensitive) adheslves for tapes and labels, ai> sealants, coatings, sound deadening 
compounds, in pipeline protection, in bitu&en modification, in footwear applications, 
in food packaging. 



The examples, which follow, illustrate 

i 

Example 1. Synthesis of copolymers.' 



he invention without limiting it 



J 



To a dry glass tube, cupric bromide (C iBx) isj added. Using degassed syringes, 
N,N,N',J^,l<r-pentamethyldiethyleneti1amto e (RMDETA, 0.1M in toluene) as ligand Is 
added to the tube, along yrith degassed corej mpnbmers, toluene and dodecane as 
solvents and 2-bromolsobutyrate of penlaej|rtliritol (FEESBr) as initiator. The tube is 
sealed with a rubber septum and three freeze-pump-thaw cycles are performed. The 
tube is then Immersed in an oil bath held i .1 90°G by a thermostat When the 



conversion of the monomers reaches 91 to 



95%. or more, the degassed shell 



monomers are added in one shot Theireacttott is.left at 90°C until sufficiently high 



J 

! 

u 



10 



15 



20 



25 



i 

• \ 



conversion of shell monomers is attained! me 



copolymer 



is then diluted with toluene, 

precipitated in methanol, filtered and : drie<£ | under vacuum at 80 9 C for a few hours. 

i 

I 

Example 2. Extraction with supercritical 6 

The synthesized ATOP polymer 4 cc |italn|og CuBr/PMDBTA catalyst aromatic 
solvent (toluene), and (methJajcrylateWm* imer was charged to a Soxhlet extraction 
thimble and loaded into an extraction cell, 
water) was also added to the extraction 

i i 

extraction cell was placed into the Su 



. polstr extraction co-solvent (methanol or 
[by adsorbing it on to an inert solid, The 
Extraction Equipment and the system 
pressurized to 300 bar w}th CO« and heatefi to 65°C. Controlled and continuous CO a 
depresBurization and extraction of th^ exk action! cell contents was conducted for 
several hours by passing.the depress^rizec tjCOa jfhrough a collection tube chilled with 



dry ice. Testing of the collection tube contents 
positive result, indicating Cu extraction by jthe 



L 

thef 



' the presence of copper gave a 
-polar co-solvent mixture. 



An extraction performed in essentially the same manner without the addition of a 
polar co-solvent (water or methanol) showed a; negative response to Cu testing. 

The use of co-solvent lead also fo* rapjdl extraction of residual monomers and 
solvent. ) 

l! 

In Table 1 below, the quantities 'ollf re^eiantsjj the conversions, deteimlned by gaz 
chramotagraphy , the reaction time of the' dlfieresht stages and the polydispersity 
(determined by size exclusion chroiriatogiaphy using 1HF as the eluent. PS standards 
were used to calibrate the column), 




Table 1 

Copolymer 1 (comparative) 



Core block 



nBuA 

PEEiBr 

CuBr 

FMDETA 

Toluene 

Dodecane 



Shell block 



MMA 
IBMA 



Amounts 



30 ml 
163,6 mg 
128,2 mg 
8.94 ml 
9,60 ml 
1.50 ml 



2,9 ml 
4,1 ml 



;1 



11 



Conversion % 



nBuA: 87,9 



'i 



MMA: 8617 
IBMA: 9(0i,4 , 



15,3 



Disperslty 



3,0 



i 
i 



nBuA; 96.3 



i 



Copolymer 2 (comparative) 



« i 



Core block 



nBuA 



CuBr 
PMDETA 
Toluene 
Dodecane 



Shell block 



MMA 
IBMA. 



Amounts 



30 ml 
163.6 mg J 
128.2 mg j 
6.94 ml < 
9.60 ml ! 
1.50 ml | 



2,9 ml 
4.1ml 



Conversion % 



nBuA: 9i;jS 



•J" 
i 

i 

» J 



MMA:95;,5 
IBMA: 92^7 
ziBuA: 98^2 
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Copolymer 3 (comparative) 



I 1 



10 



Core block 



nBuA 

FEESBr 

CuBr 

PMDETA 

Toluene 

Dodecane 



Shell block 



MMA 
IBMA 



Amounts | 



30ml \ 
163,6 mg | 
128,2 mg | 
8.94 ml 
9,60 ml 
1.50 ml 



2,9 ml 
4.1 nil 



Conversion %• 



nBuA: 



MMA: 87-Ej 
IBMAj:91|J 
nBuAx 97.* 



Copolymer 4 



HmeH 



Core block 



uBuA 



Amounts | 



200x111 



Com 



nBuA; 99 



4 



1 M 

I 

!.;| 



Dlsperslty 



2,7 



3,7 



1&4 5 



3.2 



limeH 



£>Ispersi1y 



2.4 



4,0 



FoIycHspersity 



2.S 



I 



PEElBr 

CuBr 

Cu(Q) 
PMDETA 
Toluene 
Dodecane 



Shell block 



MMA 
1BMA 

CufOJ 



1090 mg ! 
854.7 mg ; 
37mg 
1.24 ml : 
122 ml ! 
10 ml 



19.1ml 
27.3 ml 

37mg 



MMA: 98, 
IBMA: 9<;j6 
xiBuA: 99{4 



■» UBt> munuion igj ujl» 
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Copolymer 5 



Come block 



2-EHA 

FEEfBr 

CuBr 

PMDETA 

Toluene 

Dodecane 



Shell block 



MMA 



Amounts 



30 ml 

163,6 mg J 
128,2 mg 
8.94 ml : 
9,60 ml 
1,50 ml 



2-EHA- £8*3 V 



1 1 



2,9 ml 



2-EHA: Q9J2 
I 



Copolymer 6 



Core block 



2-EHA 
MA 

PEElBr 

CuBr 

PMDETA 

Toluene 

Dodecane 



Shell block 



Amounts 



30 ml 
16.7nil 
163,6 mg 
128,2 mg | 
8,94 ml 
9,60 ml 
1.60 ml 



Converse 



i i 



I 



K4.75 



.1 

.il 



4.2 



TPS? 



J!6-4 |! 

i !' 

• ' f! 



Polydisperslty 



3.1 



4.8 



MMA 



2,9 ml 



2-EHA795J6 



MA: 96.2 



MMA: 951 



! I 



: I 

I I 



li6S.il 



n 



1 1 



t 



Polydisperalty 



3.4 



4.7 



10 
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Kef. 



Copo 1 
Copo2 
Copo 3 
Copo 4 
Copo 5 
Copo 6 
Copo 7 
Copo S 



Coreblock 
Compositicr 
fwt%) 



iiBuA 2EHA 



100 
100 
100 
100 



100 
60 
52 
65 



In Tables l and 2, following abbreviations : 
nBuA; n-butyl aci ylate , 
MMA: methyl metaaciylatej 
XBMA; isobornyl methacrylate 
2-EHA: 2-ethylhea yl acrylate^j 
MA: methyl acryla te 
tBuA: tert-butyl acrylate 



The block lengths are the 



Thermal transition temperatures (TQ were 

submitted to a second he siting run rising 
determination of the glasi 5 transitio^l temjjie 
well as the data treatment follows ird 



calorimetry using a TA Q 
the sample 0* 10 mg) was 



MA 



Blofck 
length 



theoretical! mole 



Hi- 



nt 
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Shellbloak 




Block 




Composition 




length 


to 


(wt%) 








°C 




IBMA 


tfiuA 






40 


60 




30K 


145 


40 


60 




SOK 


145 


40 


60 




30K 


145 


40 


60 


m 


SOK 


145 


100 




m 


40K 


105 


100 






40K 


105 


98.5 




1.8 


40K 


110 


100 






60K 


105 



the monomers have been used: 



'1. , i 

Example 3. Physical properties of cof olyme r£ alcihe or blended with tackifiers. 



a, or 



The copolymers have beep tested ali 
ratios. 

Different physical properties were deifexmin 




5:enc 



i 1 



freight. 



fay differential scanning 
to remove thermal memory effects. 

scan. The sample were 
min temperature ramp for the 
s. The experimental procedure as 
ddelines of ASTM 3413. 



f 

.mac 

i 



l with various tackifiers in different 



10 



20 



25 



30 



35 



Rheologiccd measurements: Viscosity 
1 ~ 1000 s- 1 using a Paar-Physica 
geometry (plate diameter: 25 mm; 
measurement® were conducted in 
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I 

i 



j ietermined over the sheaf rate range 
lety Saeter configured in a cone-and-plate 
: ^| cone-plate gap; 50 pm). The 
coi idliions at various temperatures. * 

iwdc e made as follows : 

. s re coated using a solvent-based 
[ek coated directly on the substrate 

ooater (Bar speed « 3, Bar Height = 



The Measurement of the adhesive 
Sample preparation : Adhesives of 
method (toluene). The composition 
(polyester (23pm)) with an 
120 to 125pm for 40% solids polymer solMhn). 

The film weight is equal to 30 +/- 9 g/m2 j It : is tl ken dried for 5mm at RT and 3min at 
1 1 0°C. and finally applied on siUc< raized j ij^t; |pr 1 i r putting equal pressure on each film 
(between 2 cylinders). 



15 The dry adhesive coatings are precondit* 
tested at 23 °C and 50% relative burp* 



The test methods used to evaluate! the 

i * 

following examples are industry et yty 
Technical Guide, 4 th edition, 1995! 



Shear on steel, according to FTM 8 ; . 
Adhesion on stainless steel (SS) aftdt- 20 
Adhesion on polyethylene films 
Loop on stainless steel and on pi 
SAFT at 0.5°C/min according to 




Following compositions have been 



SIS camp, :100phr of the b tick 
known as BxatonDl 161 (TVjj 
Eastman), with 28phr Edel b| 
ofCIba) ( 
Comp la: lOOphr of r~ 
Comp lb: lOOphr of copolymer 1 
Comp 2: lOOphr of copolyn isr 2 
Comp 3: lOOphr of copolyn [«\j5 
Comp 4a: lOOphr of copoly mt 4 



. 1 

for !24h in conditioned* room and then 



:patfea flexible sheet materials of the 
Khlch are described in FINAT (Finat 



utes |and 24 H, according to FTM 1 
Ltes and 24 H, according to FTM 1 
according to FTM 9 



etyrene-isoprene-styrene (SIS) 
I 4| Lth 125phr Piccotac 212 (TM of 
[ ol Shell) and 3phr of Irganax 1010 CTM 



50ghr of Foral 85 
>hr of Foral 85 
of Foral 85 
of Foral 85 
[ 2$£hr of Foral 85E 



10 



15 



20 



Comp 4b: lOOphr of copolymer 4 yffih. 5pphr Feral 85B 
Comp 4c: lOOphr of copolynfe r 4 
Comp B: lOOphr of copolymer, 5 w£& lodh 
Comp 6a: lOOphr of copolymeir 6 j : = h 7fij phr of Foral 85E 
Comp 6b: lOOphr of copotym<jr 6 y : h 11 > ftfir of CeUolyn 21B 
Comp 7: 100phrofc<^o7w|^ 
Comp 8a: lOOphr of copo 6 x mh l!< § phr 
Comp 8b: lOOphr of copo 8 1 Ah 1 ( 
Plastlclzer (Edelejj 945) 

Hxe results are given Jn Table 3 andjj i| 

Table 3 



Shear on steel, 1x1 inch, 
lKg, face alu, lnmin 



Adhesion on SS, 20 min, 
in N/25 mm 



Adhesion on SS, 24H, in 
N/25 max 



Adhesion on PE, 20 min. 
in N/25 mm 



Adhesion on PE, 24H, in 
N/25 mm 



Loop on SS, in N/25 mm 



Loop on PE. in N/25 mm 



SAFT 0 9 &*C/xnin, face alu, 

in°C 

inmin 



From Tafcfe 3 it can be seen far the 

• Formulated SIS stands as a 

* 

(high shear value) and good tern; 




.23__2A..12_._20p2_ . . 14 ;38j 



. especially far Its high cohesion 
Stance (high SAFT value, i.e. 87 °C) 



AO/1* 



10 



25 



30 



Comp 1: poorly defined endbldc cs 
important results In too short e idblo 
too low cohesion) 

Comp 2: poorly defined endbldc bs 
important conversion of nBuA i qp 1< 
low cohesion t J ;j 

Comp 3: poorly defined endbldc ^ 
important* conversion of nBuA^ 
and thus too low cohesion. 



In most cases: 

• SAFT values are too low com; 

• Slip-stick is present (in all c 

15 From Table 4 it can be seen for the 

■ 

• Comp 4: well-defined endblocks 
cohesion. Formulation with Cell 
formulated SIS. Moreover, very Ij ^gh a 
surface energy) have been measi cred 

20 • Hifih cohesion (shear) can be oblato 
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lone between soft and hard blocks too 
limited conversion of MMA) and thus 

between soft and hard blocks too 
in too short endblocks and thus too 

lent Sane between soft and hard blocks too 
too low) results in too short endblocks 



High cohesion (shear) 
reached with copo 6 formulated j flkth 
0.5 x 0.5 inch x 2kg). Again goWilevell 
substrates. Very high SAFT valuj * Ixn 
formulated SIS, i.e. reference). : kjj 
But slip-stick observed during p sel 
the use of tBuAinthe hard bloc s| 
high SAFT (100 °C). ; ' . 

Adding a small portion (Sphr) of ajmin 
also slip-stick phenomena, while 'keep 
Compo 8a and Conapo 8b). 




SIS 

tests are 



i ; according to the invention that : 
overall PSA. properties, especially 
(Ca&p 4c) gives cohesion as good as with 
esioja on SS (polar substrate) and EB (low 
isjja very original and interesting feature, 
omt using EBMA. Very high cohesion are 
Foral 85B (> 600h with 16 FSL i.e. 
ision of both polar and non-polar 
[so (actually greater than the 

£$, which can be circumvented by 
7)- High cohesive strength and very 

|(act±Dg as a plastidzer) suppresses 
ov&aL PSA properties the same (see 





Viscosity of formulated and non- 



Table 5 



Viscosity (Pa.s) 



180 ° (104 s-i) 



SIS Comp 



8.5 



From Table 5. it is showA that^ 
is lower than that of SIS jCorap. 
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• 1 



Jlated fuli-aaylic TPB (as in Compo 4c) 



ii ;! 



10 



IS 



20 



25 



30 



35 





1 


# 




i 





CLAIMS 

(1) Star shaped thermoplastic i 
transition metal catalysed rac 
made by monomers or mixture < 
- 65°C and -20°C, oxtA of shell \ 
whose Tg is comprised be 
polydisperslty of 2 ox} higher an| 
from 3 to 10. 



(2) Star shaped acrylic blodk. < 
have a theoretical niimber ave 
and the shell arms hkve a theoij 
20.000 to 80.000. 



(3) Star shaped acrylic block cope 
of the number average mole 
molecular weight of the shell 

(4) Star shaped acrylic iiock cope 
monomers of the core arms i 
acrylate, ethyl acrylafte, n-prop$ 
butyl, of tert. -butyl, pf see-but ' 
2-ethylhexyl aciylafej, octyl aci? 
aciylate, lauryl acrvl'ates and tl 



the 1 ! 



ier , 
sieleci 



(S) Star shaped acrylic block cop 




rJ 



monomers of the shell arms ar< 

li 

methacrylate, ethyl methacryl 
isobornyl methacrylate and the 

(6) Star shaped acrylic tlock cope 
core and the shell aj 
consisting of gfrcidy j mei 
(meth)acrylates, styxtene t 

(7) Process for produdrig a € 
copolymer according i 
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^ acrylic* block copolymer, obtained by 
^is^tion and constituted of core arms 
whose Tg is comprised between 
% monorixers or mixture of monomers, 
C, the core copolymer having a 
olynier having a polydisperslty of 



to claim 1, wherein the care arms 
agp weight of from 60.000 to 250.000, 
average molecular weight of from 



v^tmg to claims 1 or % wherein the ratio 
me shell arms to the number average 

Is from 10 to 50%. 

I 
i 

to any of claims 1 to 3, wherein the 
the group consisting of methyl 
. /isJbpropyl acrylate, the acrylates of n- 
jgol utyl, arnyl acrylates, hexyl acrylates, 
i acrylates, decyl acrylates, stearyl 



»rrf ag to any of claims 1 to 4. wherein the 
flrti n the group consisting of methyl 
tijjl acrylatp, cydohexyl methacrylate, 



ig to any of claims 1 to 5, wherein the 
j&ifiumomeics selected from the group 
mvffl methslcrylate, hydroxy 



qplastlc elastomer made of acrylic block 
wherein 



U 



eof. 



I 



(a) an Initiator which has 
the reaction mixture. 



yri 



10 



15 



20 



25 



30 



35 



airing 

ligand- oar an initiator which 
at least tri-fUpctional aiiylat 
making the core arms. N I 
(b) the manomerj or mixtuije if 
polymerized tjll a croo^sjh 
than 95% by Weight 
core arms; ; 
(cj themonoraexjor 
put into the *feac««i 



I: at 



ion 



caji ula| vj^ffA 



ueo nunvaon wvso 
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polymerized till a conveys 
the total weight of the 



ion; 



(d) optionally, the tert-bu^x2X3^^ gro] 

aims or In the shell arms < 

*)!] 

(e) the copolymer la purtft^iro 



I 



srei k » 



(8) Process according to Halm 7, _ ^ 
the catalyst for atomltransfer rac icalj 
complex of copper(I)- j 

(9) Process according to claims 7 b£|8, 
mixture. j 

(10) Process according tojdaimsT ttoj3, 
non-solvent of copolymer in thr L 

(11) Process according to jclaims 7 



critical COa extraction in pres 



'Will 

) ' - ilit 'Id 

(12) Adhesive comprising^ star shaped tfti 
copolymer according |to any of c 

(13) Adhesive according to claim l2| 
t&cktfter, calculated on the 1 

(14) Use of the adhesive of claims l&jjor 
melt adhesive. j 

(15) Use of the adhesive <if claims 12jj 
personal care, food afad bevers 
tapes and labels, as sealants, 
protection, inl 



modification, 



packaging* 



) 



sltlon metal complex to be used as 
ymejtization comprises at least one metal 



ein';fcu(0) is also added in the reaction 



of 



functionalities is first placed in • 
Won metal complex and an amine 
[ one active functionality is used and 
tiers are first copolymexized in (b) for 

, for making the core arms are then 
91 to 95%, preferably higher 
total weight of the monomers of the 

for making the shell aims are then 
any purification thereof, and 
least 95% by weight, calculated on 
5 shell arms 

s eventually present in the core 
hydotyzed in acrylic add by heating, 
mixture 



ie copolymer is purified by putting a 
ajni^j fcuie. 

-'j he copolymer is purified by super- 
cosatverch 

aplastic elastomer made of amyiic block 

lie; 



•rising from S to 150% phr of a 
fipdblymer. 
»ij ssure sensitive adhesive or as hot* 



Ixht automotive, construction, medical, 
il; Lippttance, ©ports and leisure fields, for 
jlua d deadening compounds, in pipeline 
iptwear applications and to food 

in 



1 



Abstract 



Star shaped thermoplastic elastorofei m; 
ttajasxtion metal catalysed radical ] 
made by monomers or mixture of mjc name 
and -20 D C T and of shell arms made 
comprised between 70°Oand 160°<j 
higher and the final copolymer ] 
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block copolymer, are obtained by 
and are constituted of core arms 
flee Tg is comprised between -65°C 
or mixture of monomers, whose Tg is 
olymer has a polydispersity of 2 or 
of from 3 to 10. 
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